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Our aim was to assess the diagnostic potential of 1-stop-shop

prostate-specific membrane antigen ligand (68Ga-PSMA-11) PET/

MRI compared with preoperative staging nomograms in patients with

high-risk prostate cancer. Methods: A total of 102 patients under-
went 68Ga-PSMA-11 PET/MRI before intended radical prostatectomy

with lymph node dissection. Preoperative variables determined the

probabilities for lymph node metastases (LNM), extracapsular exten-

sion (ECE), and seminal vesical involvement (SVI) using the Memorial
Sloan Kettering Cancer Center (MSKCC) nomogram and Partin ta-

bles. Receiver-operating-characteristic analyses were performed to

determine best discriminatory cutoffs. On a cohort basis, positivity
rates of imaging and nomograms were compared with pathologic

prevalence. On a patient basis, sensitivity, specificity, and area under

the curves were calculated. Finally, the full concordance of each

method to postoperative T and N stage was determined. Results:
Seventy-three patients were finally analyzed. On a cohort basis, the

MSKCC nomogram (39.7%) positivity rate was most concordant with

pathologic prevalence for LNM (34.3%) compared with Partin tables

(14.1%) and imaging (20.6%). Prevalence of ECE (72.6%) was best
predicted by MSKCC nomograms and imaging (83.6% each), com-

pared with Partin tables (38.4%). For prevalence of SVI (45.2%), im-

aging (47.9%) performed superior to MSKCC (37.6%) and Partin
tables (19.3%). On a patient basis, AUCs for LNM, ECE, and SVI

did not differ significantly between tests (P . 0.05). Imaging revealed

a high specificity (100%) for LNM and a sensitivity (60%) comparable

to the MSKCC nomogram (68%) and Partin tables (60%). For ECE,
imaging revealed the highest sensitivity (94.3%) compared with the

MSKCC nomogram (66%) and Partin tables (71.1%). For SVI, sensi-

tivity and specificity of imaging and the MSKCC nomogram were

comparable (81.5% and 80% vs. 87.9% and 75%). The rate of con-
cordance to the final pTN stage was 60.3% for imaging, 52.1% for the

MSKCC nomogram, and 39.7% for Partin tables. Conclusion: In
our analysis, preoperative 1-stop-shop 68Ga-PSMA-11 PET/MRI

performs at least equally for T and N stage prediction compared
with nomograms in high-risk prostate cancer patients. Despite an

improved prediction of the full final stage and the yield of additional

anatomic information, the use of 68Ga-PSMA-11 PET/MRI warrants
further prospective evaluation.
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Accurate primary staging in patients with prostate cancer (PC)
is crucial for planning individualized treatment strategies especially

before radical prostatectomy (RP) in conjunction with pelvic lymph

node dissection (1,2). Patients with high-risk classification are prone

to harbor locally advanced disease with extracapsular extension

(ECE), seminal vesicle extension (SVI), or lymph node metastases

(LNM) (3).
Therefore, staging nomograms are often used by urologists to

predict the risk of advanced disease. Commonly these nomo-

grams use the prostate-specific antigen (PSA) value at diagnosis,

biopsy Gleason score, and local clinical stage as assessed by

digital rectal examination (4–6). Nevertheless, nomograms pro-

vide an estimate of probability but do not offer individualized bi-

nary results indicating the presence or absence of disease (7).

Moreover, they do not incorporate anatomic data that could guide

treatment (8).
Routine staging using CT or MRI lacks sufficient accuracy

especially for detection of subcentimeter LNM (9). PET combined

with cross-sectional imaging (CT or MRI) can potentially overcome

limitations of morphologically based imaging. Until recently, 18F-

fluorocholine or 11C-choline have been used but still resulted in a

low sensitivity, for example, for LNM detection (7,10,11). During

the last years, considerable advances for PC local and distant stag-

ing have been reported using probes targeting the prostate-specific

membrane antigen (PSMA) in newly diagnosed and recurrent PC

(12–17). Simultaneous 68Ga-PSMA-11 PET/MRI improves diag-

nostic accuracy for cancer (PC) localization in the prostate when

compared with multiparametric MRI (12). Similarly, lymph node

staging with 68Ga-PSMA-11 PET proved to be superior to standard

routine cross-sectional imaging (13,16). Consequently, a combina-

tion of PET and MRI exploiting both the superb molecular infor-

mation from 68Ga-PSMA-11 PET and the high local contrast of

MRI for whole-body primary staging is expected to increase pre-

diction of local, nodal and distant tumor burden.
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Therefore, the main objective of our study was to compare the
performance of a preoperative 1-stop-shop 68Ga-PSMA-11 PET/MRI

with clinical staging nomograms for T and N staging in patients with

high-risk PC validated by histopathology.

MATERIALS AND METHODS

Patients

A retrospective database search of all PC patients having undergone
68Ga-PSMA-11 PET/MRI between December 2012 and November

2015 has been conducted. Criteria for inclusion of patients in this

analysis were as follows: histologically proven (D’Amico criteria)

high-risk PC and eligibility to perform RP on the basis of clinical

assessment of the patient (e.g., history, physical examination) by an

experienced urologist. All patients gave written informed consent for

the imaging study and RP. This retrospective study was approved by

the ethics committee of the Klinikum Rechts der Isar, Technical Uni-

versity of Munich, Munich, Germany (permit 5665/13) and was per-

formed according to the ethical standards of the Declaration of Helsinki

as well as national regulations.

68Ga-PSMA-11 PET/MRI

Patients received an intravenous injection of 68Ga-PSMA-11
(median, 138 MBq; interquartile range [IQR], 114–156) synthe-

sized as described previously (18). Imaging was performed with a

median interval of 55 min after injection (IQR, 50–67) using an

integrated whole-body PET/MRI system (Siemens Biograph

mMR; Siemens Healthcare). Whole-body coronal T1 turbo spin

echo and axial T2 haste sequences and simultaneous PET with

5 min per bed position were acquired. Multiparametric MRI of

the prostate was performed in parallel to a 15-min PET acquisition

as described in Supplemental Table 1 (supplemental materials are

available at http://jnm.snmjournals.org). To reduce artifacts due to

high tracer activity in the urinary system, all patients received

coinjection of furosemide and were asked to void urine directly

before the start of the examination.

Image Analysis

A double-trained board-certified radiologist and nuclear medicine

physician (with 10 y of experience) reviewed the imaging datasets

masked to postoperative clinical and pathologic data. 68Ga-PSMA-11

PET/MR images were evaluated using commercial image viewing soft-

ware for multiparametric MRI (Easy Vision; Philips) and PET (Syngo

TrueD; Siemens Medical Solutions). Local T staging was evaluated

according to the American Joint Committee on Cancer. For N staging,

a 3-point Likert scale with the following categories was used: 15 LNM

present; 2 5 equivocal/intermediate; 3 5 no LNM (19). The diagnosis

of LNM was based on 1 5 LNM present: suspicious focal increased
68Ga-PSMA-11 uptake (higher than liver) corresponding to a lymph

node independent of the short-axis diameter or short-axis diameter .
10 mm; 2 5 equivocal/intermediate: 68Ga-PSMA-11 uptake clearly

higher than background in vessels, but not higher than liver or round

configuration with a short-axis diameter 8–10 mm; and 3 5 no LNM:

no 68Ga-PSMA-11 uptake or as faint as background or short-axis di-

ameter , 8 mm. Finally, for M staging the presence and location of

lesions suggestive of distant metastases were noted. For example, for

bone metastases the following criteria were used: 1 5 bone metastases

present: suspicious focal increased 68Ga-PSMA-11 uptake (higher than

liver) or unanimously hypointense lesion on T1-weighted not represent-

ing a bone island or degenerative changes; 2 5 equivocal/intermediate:
68Ga-PSMA-11 uptake clearly higher than background in vessels, but

not higher than liver or unclear T1-weighted hypointensity; and 3 5 no

bone metastases: no 68Ga-PSMA-11 uptake or as faint as background or

unsuspicious bone marrow signal on T1-weighted.

Imaging criteria for the presence of SVI included the lack

of architecture of the seminal vesicle, areas of hypointense

T2-weighted (T2w) signal intensity, direct extension of a T2w

hypointense tumor into the seminal vesicle, focal wall thickening of

the seminal vesicle, expanded T2w hypointense ejaculatory ducts, and

obliteration of the angle between prostate and seminal vesicle. Criteria

for ECE included an irregular bulge in capsule, obliteration of the

rectoprostatic angle, asymmetry of the neurovascular bundle, focal

capsular retraction or thickening, broad capsular tumor contact (.10

mm), and direct extension of the tumor beyond the capsule. Information

added from PET mainly consists of 68Ga-PSMA-11 uptake of the seminal

vesicles.

Clinical Staging and Risk Classification

Local tumor staging was performed by digital rectal examina-

tion. The pathologic report of the prostate biopsy was used to

assess the initial Gleason grade, the number of biopsy cores taken,

and the number of cores with proven PC in each individual.

Clinical staging and risk classification was independent of 68Ga-

PSMA-11 PET/MRI.
To predict the probability of LNM as well as the local clinical stage

including ECE and SVI, the Memorial Sloan Kettering Cancer Center

(MSKCC) nomogram and Partin tables were used (5). These nomo-

grams include the initial PSAvalue at diagnosis, clinical stage by digital

rectal examination, the biopsy Gleason score, and the proportion of PC-

affected biopsy cores. Established online calculators were used for cal-

culating the respective scores (MSKCC nomogram: https://www.mskcc.

org/nomograms/prostate/preop; Partin tables: http://urology.jhu.edu/

prostate/partin_tables.php).

Surgical Procedures and Histologic Examination

All evaluated patients underwent retropubic RP including bilat-

eral standardized pelvic lymph node dissection. RP was performed a

median of 16 d (IQR, 11–27) after imaging. The resected pathologic

specimens were formalin-fixed and classified according to the Union

international contre le cancer, version 2002, by experienced uropa-

thologists (20). Pathologic routine staging included local tumor exten-

sion, lymph node involvement, and Gleason score. The histopathologic

analyses were performed with the uropathologists masked to imaging

results.

Statistical Analysis

The predicted risk for LNM, ECE, and SVI was assessed for each

individual patient using nomograms. The discriminatory ability of

predicted probabilities for LNM, ECE, and SVI derived from nomo-

grams was evaluated by receiver-operating-characteristic (ROC) curves.
68Ga-PSMA-11 PET/MRI results for N stage were dichotomized into

positive (score 1) versus negative (score 2 or 3). Areas under the curves

(AUC) are presented with 95% confidence intervals (CIs) and were

compared with a fixed value of 0.5. Differences between curves were

assessed using DeLong’s test for correlated ROC curves. Finally, ROC

analyses were used for a study cohort–adjusted retrospective threshold

determination for each nomogram using the Youden index. Finally,

Logistic regression models including the MSKCC nomogram and
68Ga-PSMA-11 PET/MRI as independent variables and histologic re-

sults as dependent variable were fitted to the data to evaluate whether
68Ga-PSMA-11 PET/MRI had an explanatory ability additional to the

MSKCC nomogram. For LNM Firth’s logistic regression implemented

in the R library logistf was used because of quasicomplete separation.

Predicted event probabilities were used in the ROC analysis to com-

pare discriminatory ability of regression model outcomes with results

from the MSKCC nomogram and 68Ga-PSMA-11 PET/MRI. Boot-

strapping was used to compare AUCs of nested models. Cross-classi-

fied tables were used to determine sensitivity, specificity, accuracy,
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positive predictive value, and negative predictive value of 68Ga-

PSMA-11 PET/MRI for LNM, ECE, and SVI on a patient basis.
Tests were 2-sided, with a significance level of a 5 5%. On a

patient basis, the rate of full concordance between results from
each method, compared with postoperative N and T stage, was

assessed. All analyses were performed using SPSS version 21
(SPSS Inc.) or R version 3.3.1 (R Foundation for Statistical Com-

puting) with the library pROC.

RESULTS

Patient Characteristics and Histopathology

A total of 102 patients were extracted from the institution’s data-
base. Seventy-three of 102 (71.6%) underwent RP and were finally
eligible for analysis. Reasons for exclusion were as follows: RP at
institutions other than Klinikum Rechts der Isar (n 5 8), external-
beam radiotherapy (n 5 6), primary systemic hormone chemother-
apy due to metastatic disease after 68Ga-PSMA-11 PET/MRI (n5 7),
denial of any therapy (n 5 2), and lost to follow-up (n 5 6). Histo-
pathology revealed LNM in 25 of 73 patients (34.3%), and ECE and
SVI were present in 53 (72.6%) and 33 (45.2%) patients, respectively.
Patient characteristics and details on histopathology are summarized
in Table 1.

Imaging Findings of 68Ga-PSMA-11 PET/MRI and Positivity

Rates of Clinical Nomograms

For LNM, 68Ga-PSMA-11 PET/MRI was positive in 15 of 73
(20.6%) patients. In 2 patients, findings of 68Ga-PSMA-11 PET/
MRI were equivocal. Image-based local staging of the prostate
revealed organ-confined disease (#T2c) in 12 (16.4%) and non–
organ-confined disease ($T3a) in 61 (83.6%) patients. Of those 61
patients, 26 (35.6%) patients exhibited only ECE (T3a), 33 (45.2%)
patients showed additional (T3b), and 2 (2.7%) patients presented
with suggestion of T4 stage in imaging. Two patients were read as
M-positive with single bone metastases. Figure 1 presents an exam-
ple of local staging of the prostate revealing SVI and LNM in 68Ga-
PSMA-11 PET/MRI.
Table 2 summarizes the predicted positivity rate for LNM, ECE,

and SVI for the entire patient group using the MSKCC and the
Partin nomograms as well as 68Ga-PSMA-11 PET/MRI in compar-
ison to prevalence from histopathology. The pathologic prevalence
of LNM was nearly ideally predicted by the MSKCC nomogram.
68Ga-PSMA-11 PET/MRI and even more Partin tables underesti-
mated the presence of LNM on a patient basis. For ECE and SVI,
MKSCC nomogram and 68Ga-PSMA-11 PET/MRI performed nearly
equivalent, with a slight overestimation. Partin tables again led to a
clear underestimation.

Comparison of Diagnostic Value for Clinical Nomograms

and Results from 68Ga-PSMA-11 PET/MRI Validated

by Histopathology

Table 3 summarizes the diagnostic performance of the clinical
nomograms based on retrospective threshold determination and
results from 68Ga-PSMA-11 PET/MRI. Figure 2 shows the ROC
curve analyses for the prediction of LNM, ECE, and SVI using the
68Ga-PSMA-11 PET/MRI and the clinical staging nomograms
validated by histopathology.
For LNM, the largest AUC (0.8; 95% CI, 0.68–0.93) was found

for 68Ga-PSMA-11 PET/MRI, but no statistical difference could
be observed in pairwise comparisons to the MSKCC nomogram
(0.77; 95% CI, 0.66–0.89; P 5 0.67) or Partin tables (0.67; 95%
CI, 0.53–0.80; P 5 0.086). Notably, all tests demonstrated a

TABLE 1
Patient Characteristics

Characteristics

No. of patients included in

analysis (n 5 73)

Median age (y) 68 (IQR, 63–73)

Median PSA at diagnosis
(ng/dL)

14.0 (IQR, 6–35)

Clinical T stage at diagnosis

T1c 17 (23.3)

T2a 11 (15.1)

T2b 19 (26.0)

T2c 8 (11.0)

T3a 14 (19.2)

T3b 4 (5.5)

Postbiopsy Gleason sum at

diagnosis (n)

6 3 (4.1)

7 9 (12.3)

8 33 (45.2)

9 25 (34.3)

10 3 (4.1)

Imaging T stage

T2c 12 (16.4)

T3a 26 (35.6)

$T3b 35 (48.0)

Imaging N stage

cN0 56 (76.7)

cN1 15 (20.6)

Intermediate 2 (2.7)

Imaging M stage (bone
metastasis)

cM0 71 (97.3)

cM1 2 (2.7)

Postoperative T stage

T2a 2 (2.7)

T2b 3 (4.1)

T2c 15 (20.6)

T3a 20 (27.4)

$T3b 33 (45.2)

Postoperative N stage

pN0 48 (66.7)

pN1 25 (34.3)

LNs

Total no. removed 1,902

Mean removed/patients ± SD 26.1 ± 16.9

Median 23 (IQR, 17–29)

Total no. of positive LNs 165

Data in parentheses are percentages unless otherwise indicated.

Gs 5 Gleason sum; LNs 5 lymph nodes; DRE 5 digital rectal

examination.
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significant difference compared with a fixed level of 0.5. Notably,
whereas 68Ga-PSMA-11 PET/MRI and Partin tables revealed the
lower sensitivities compared with the MSKCC nomogram, 68Ga-
PSMA-11 PET/MRI demonstrated superb specificity and positive
predictive value.
For prediction of ECE, the MSKCC nomogram showed the

largest AUC (0.83; 95% CI, 0.72–0.94), followed by 68Ga-
PSMA-11 PET/MRI (0.70; 95% CI, 0.55–0.85) although no sta-
tistical difference (P 5 0.054) was observed. The AUC of Partin
tables (0.54; 95% CI, 0.39–0.69) was not significantly different
from the fixed value of 0.5 and significantly lower than the
MSKCC nomogram (P 5 0.003) but not lower than that of
68Ga-PSMA-11 PET/MRI (P 5 0.11). AUCs for the MSKCC
nomogram and 68Ga-PSMA-11 PET/MRI were not significantly
different (P 5 0.054). The sensitivity for detection of ECE was
highest for 68Ga-PSMA-11 PET/MRI at the expense of a consid-
erably low specificity.
For prediction of SVI, AUC was highest for the MSKCC

nomogram (0.88; 95% CI, 0.80–0.95), followed by 68Ga-PSMA-11
PET/MRI (0.81; 95% CI, 0.70–0.91) and Partin tables (0.77; 95%
CI, 0.67–0.88). No significant differences could be observed between
68Ga-PSMA-11 PET/MRI and the MSKCC nomogram (P 5 0.16)
or Partin tables (P 5 0.57). However, the AUC of the MSKCC

nomogram was significantly higher than for Partin tables (P 5
0.02). SVI was reliably detected by all tests (sensitivities . 80%),
but 68Ga-PSMA-11 PET/MRI revealed the highest specificity.
One-stop-shop 68Ga-PSMA-11 PET/MRI, the MSKCC nomo-

gram, and the Partin tables showed full concordance to the final
histopathologic T and N stage in 44 patients (60.3%), in 38 patients
(52.1%), and 29 patients (39.7%), respectively. Further comparative
analyses concerning the side of tumor localization (right vs. both vs.
left) in patients with concordant imaging and histologic findings of
ECE or SVI (n 5 48) revealed an accordance of 75%.
Finally, we assessed a model integrating the information from the

MSKCC nomogram with 68Ga-PSMA-11 PET/MRI for T and N
stage. With respect to LNM, the combined use of the latter resulted
in an improved AUC of 0.87 (95% CI, 0.78–0.96) versus 0.8 (95%
CI, 0.68–0.93) and 0.77 (95% CI, 0.66–0.89) for 68Ga-PSMA-11
PET/MRI and the MSKCC nomogram, respectively. Less improve-
ment was found for local staging. For ECE, the merged AUC was
0.84 (95% CI, 0.72–0.95) versus 0.83 (95% CI, 0.72–0.94) for the
MSKCC nomogram versus 0.70 (95% CI, 0.55–0.85) for 68Ga-
PSMA-11 PET/MRI, respectively. Concerning SVI, the combined
information resulted in an AUC of 0.91 (95% CI, 0.84–0.97) whereas
it was 0.88 (95% CI, 0.80–0.95) and 0.81 (95% CI, 0.70–0.91) for the

MSKCC nomogram and 68Ga-PSMA-11 PET/MRI, respectively.

Thus, a statistically improved predictive value of the 68Ga-PSMA-

11 PET/MRI in addition to the MSKCC nomogram was found only

with respect to LNM (P 5 0.01) (Supplemental Fig. 1).

DISCUSSION

In this retrospective analysis, we investigated the value of 68Ga-
PSMA-11 PET/MRI for comprehensive local and nodal preoper-

ative staging of high-risk PC compared with clinical nomograms

with histopathologic validation as gold standard. To the best of our

knowledge, this is the first study evaluating 1-stop-shop 68Ga-

PSMA-11 PET/MRI as a comprehensive 1-stop-shop whole-body

imaging staging procedure for primary staging of high-risk PC

patients. As a main result of the study, 68Ga-PSMA-11 PET/MRI

and clinical nomograms were equivalent in the determination of the

clinical stage. Overall, however, a trend toward a higher accuracy of
68Ga-PSMA-11 PET/MRI is evident, despite not being statistically

significant. Most important, 68Ga-PSMA-11 PET/MRI offers addi-

tional information on the location of tumor deposits and thus may

guide surgery or radiation therapy. Notably, for our data the com-

bination of the MSKCC nomogram as most promising clinical no-

mogram with the 68Ga-PSMA-11 PET/MRI did translate to a

considerable advantage only for the prediction of LNM.

FIGURE 1. 68Ga-PSMA-11 PET/MRI of a 75-y-old patient with high-

risk PC. Local sagittal reformatted T2w sequence (A), PET (B), and fused

PET/MRI (C) show tumorous involvement of apical two thirds of pros-

tate, with extension into seminal vesicles (arrows). Pelvic T2w turbo spin

echo (D), PET (E), and fused PET/MRI (F) demonstrate intense PSMA

ligand uptake in 6-mm lymph node adjacent to bladder. Postoperative

histopathology resulted in pT3b N1 stage. Variables from biopsy, PSA-

value, and digital rectal examination resulted in cT3–4N1 stage for the

MSKCC nomogram and cT3N0 stage for Partin tables based on thresh-

olds from ROC analysis.

TABLE 2
Comparison of Positivity Rate Using Clinical Nomograms, Findings in 68Ga-PSMA-11 PET/MRI, and

Results from Histopathology

Site

Pathologic

prevalence (%)

Positivity rate (%) using clinical nomograms
Positivity rate (%) using
68Ga-PSMA-11 PET/MRIMSKCC nomogram Partin tables

LNM 34.3 (25/73) Mean ± SD, 39.7 ± 26.6;
median, 32 (IQR, 19–55)

Mean ± SD, 14.1 ± 11.0;
median, 10 (IQR, 7–20)

20.6 (15/73)

ECE 72.6 (53/73) Mean ± SD, 83.6 (11.7);

median, 86 (IQR, 77–93)

Mean ± SD, 38.4 (6.8);

median, 40 (IQR, 36–43)

83.6 (61/73)

SVI 45.2 (33/73) Mean ± SD, 37.6 (26.5);

median, 29 (IQR, 18–54)

Mean ± SD, 19.3 (8.4);

median, 20 (IQR, 13–29 )

47.9 (35/73)
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Until recently, imaging was regarded as inadequate for accurate
preoperative staging (e.g., LNM) of high-risk PC (2,7,11,21). De-
spite MRI or CT being recommended in guidelines, the use of
clinical nomograms is determinant to especially assess the risk
of local advanced tumor and LNM (1,2). The advent of PSMA
ligand PET imaging seems to enhance detection of even small PC
tumor deposits substantially (12,13,16,22–24). Its use within a
PET/MRI examination holds promise to combine superb anatomic
with functional information in a 1-stop-shop procedure.
First, in our analysis on a cohort basis the risk for LNM was most

closely predicted using the MSKCC nomogram (39.7%). Whereas the
Partin table performed worst (14.1%), 68Ga-PSMA-11 PET/MRI pre-
dicted LNM in 20.6% of patients compared with a pathologic prev-
alence (34.3%) (Table 3). The latter translates well into a sensitivity
of approximately 60%, which is known from previous studies and a
recent metaanalysis (pooled sensitivity, 61%) (13,16,22). However, on
the basis of superb specificity on a patient basis, diagnostic perfor-
mance of 68Ga-PSMA-11 PET/MRI as expressed by AUC (0.8) was
highest among all tests. No statistical difference was present com-
pared with the MSKCC nomogram (0.77) and Partin tables (0.67).
In our study, the performances of the MSKCC nomogram and

Partin tables were comparable to literature. The MSKCC nomogram
showed an AUC of 0.77 similar to the literature (0.78) in a recent
meta-analysis (25). With an AUC of 0.67 in our analysis, the updated
Partin tables were slightly less accurate than the AUCs in prior co-
horts (0.77 and 0.80) (25–27). The reduced accuracy might be a result
of our patient cohort including only high-risk patients, as Partin tables
are most powerful in low- and intermediate-risk PC (5,26).

Second, for assessment of ECE and SVI, our data underline that
in addition to advances for intraprostatic tumor localization, 68Ga-
PSMA-11 PET/MRI can also aid in T staging (12). On a cohort basis
for ECE, evaluation of 68Ga-PSMA-11 PET/MRI mainly based on the
multiparametric MRI data exhibited superb sensitivity with moderate
specificity. This is in contrast to literature and might be related to
reader experience and the combined reading of multiparametric MRI
supplemented by 68Ga-PSMA-11 PET (28). The MSKCC nomogram
had moderate sensitivity but higher specificity, whereas Partin tables
clearly underestimated the risk of ECE.
For SVI on a cohort basis prediction, 68Ga-PSMA-11 PET/MRI

was nearly perfect. Although the MSKCC nomogram and Partin
tables underestimated the observed prevalence of SVI on a cohort
basis, patient-based AUCs were not significantly lower than 68Ga-
PSMA-11 PET/MRI. The latter exhibited both fair sensitivity and
specificity, whereas MSKCC nomogram and Partin tables offered
slightly higher sensitivity but lower specificity. Our data for ECE
and SVI using Partin tables are well comparable to a recent cohort
reporting AUCs of 0.60 and 0.73, respectively (26).
Finally, the assessment of each staging test exhibited the highest

rate of full concordance between the final histopathologic T and N
stage for 68Ga-PSMA-11 PET/MRI (60.3%) compared with the
MSKCC nomogram (52.1%) and Partin tables (39.7%). Despite the
fact that the difference especially toward the MSKCC nomogram is
not exceedingly high, 68Ga-PSMA-11 PET/MRI adds additional
value by providing anatomic data to guide treatment (8). Hereby,
imaging by 68Ga-PSMA-11 PET/MRI offers highly specific informa-
tion on the exact localization of the LNM. This is important because

TABLE 3
Sensitivity, Specificity, PPV, and NPV of 1-Stop-Shop 68Ga-PSMA-11 PET/MRI and Preoperative Clinical Staging

Nomograms for Detection of LNM, ECE, and SVI

Site

Prediction

device Sensitivity Specificity PPV NPV AUC (95% CI)

Significance

P*

Pairwise

comparison (P)

LNM 68Ga-PSMA-11 PET/MRI 60% 100% 100% 82.8% 0.8

(0.68–0.93)

,0.001 0.67

MSKCC nomogram,
cut-off . 48.5%

68% 83.3% 68% 83.3% 0.77
(0.66–0.89)

,0.001

0.86
Partin tables,

cut-off . 19%
60% 75% 55.6% 78.2% 0.67

(0.53–0.80)
0.022

ECE 68Ga-PSMA-11 PET/MRI 94.3% 45% 82.0% 75% 0.70

(0.55–0.85)

0.01 0.054

MSKCC nomogram,

cut-off . 84.5%

66% 85% 92.1% 48.5% 0.83

(0.72–0.94)

,0.001

0.11
Partin tables,

cut-off . 37.5%

71.1% 45% 77.7% 37.5% 0.54

(0.39–0.69)

0.59

SVI 68Ga-PSMA-11 PET/MRI 81.8% 80% 77.1% 84.2% 0.81

(0.70–0.91)

,0.001 0.16

MSKCC nomogram,
cut-off . 27.5%

87.9% 75% 74.3% 88.3% 0.87
(0.80–0.95)

,0.001

0.57
Partin tables,

cut-off . 15.5%

90.9% 57.5% 63.8% 88.5% 0.77

(0.67−0.88)
,0.001

*Significance compared with a fixed level of 0.5.
LNM: 68Ga-PSMA-11 PET/MRI to MSKCC nomogram: P 5 0.67; 68Ga-PSMA-11 PET/MRI to Partin tables: P 5 0.86.

ECE: 68Ga-PSMA-11 PET/MRI to MSKCC nomogram: P 5 0.054; 68Ga-PSMA-11 PET/MRI to Partin tables: P 5 0.11.

SVI: 68Ga-PSMA-11 PET/MRI to MSKCC nomogram: P 5 0.16; 68Ga-PSMA-11 PET/MRI to Partin tables: P 5 0.57.

PPV 5 positive predictive value; NPV 5 negative predictive value.
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appropriate lymph node staging revealed a considerable rate of LNM
outside the standard pelvic lymph node dissection templates, and
studies investigating specific radiolabeled LNM dissection revealed
improved detection of LNM with promising biochemical response
rates and progression-free survival, thus pointing out the importance
of accurate staging and individualized lymphadenectomy (29–33).
Similarly, 68Ga-PSMA PET significantly influenced radiation plan-
ning due to enhanced detection of LNM (34,35).
Nevertheless, a considerable percentage of LNM is missed by

68Ga-PSMA-11 PET that also depends on size of tumor deposits
within the lymph node (especially , 5 mm) (36). In addition,
imaging in contrast to staging nomograms can tailor local re-
section at the site of ECE or SVI. Notably, both the MSKCC
nomogram and the Partin table do not differ between cT3a and
cT3b or even between cT3 and cT4 in certain risk constellations
compared with 68Ga-PSMA-11 PET/MRI, which offers a clear
specific T stage. Nevertheless, impact on patient outcomes after
image-guided primary RP or radiation therapy based on 68Ga-
PSMA-11 PET/MRI has to be evaluated in further prospective
studies.
Our study has some limitations. First, nomograms provide a

continuous risk probability and do not include a binary decision
mandatory for direct comparisons of sensitivity and specificity to
68Ga-PSMA-11 PET/MRI. Thus, in our study, we retrospectively
used the Youden index to implement thresholds for the used
nomograms. This approach is not uncommon; however, it might
lead to an overestimation of the performance of nomograms as has
been published previously (7). Second, there are potentially other
nomograms for preoperative use in primary PC (e.g., Briganti
nomogram, Roach formula). As these nomograms only predict
N stage and do not offer prediction of T stage, we decided to omit
them because they cannot be used for comprehensive preoperative
staging in comparison to 68Ga-PSMA-11 PET/MRI. A further
potential drawback is the lack of a consensus read of the 68Ga-
PSMA-11 PET/MRI. However, image analysis was performed by
1 experienced double-board-certified physician and also histopath-
ologic results were retrospectively taken from the standardized
patients’ records and were not uniformly reread by an uropathol-
ogist for this study. Finally, it has to be pointed out that on the
basis of the spatial resolution of PET, the diagnosis of SVI and
ECE within a 68Ga-PSMA-11 PET/MRI is mainly based on the
results from MRI. Therefore, a potential alternative (which is
clinical practice in many institutions due to the lack of a PET/
MR) would be to combine a 68Ga-PSMA-11 PET/CT for N and M
staging with a multiparametric MR for T2 staging.

CONCLUSION

Our data indicate that 1-stop-shop 68Ga-PSMA-11 PET/MRI per-
forms equally well to established clinical nomograms for preopera-
tive staging of high-risk PC patients. It shows a trend toward a
higher prediction of the comprehensive final pT and pN stage on
a patient basis, although no statistical difference for comparison of
results for LNM, ECE, and SVI with the MSKCC nomogram and
Partin tables are observable. However, 68Ga-PSMA-11 PET/MRI
yields additional information on the anatomic location of tumor
deposits and thus might enable targeted treatment. In clinical
routine, 68Ga-PSMA-11 PET/MRI as 1-stop-shop imaging inves-
tigation might support treatment planning that may lead to en-
hanced oncologic results. This hypothesis has to be evaluated in
further studies.

FIGURE 2. ROC curves for simultaneous 68Ga-PSMA-11 PET/MRI and

preoperative clinical staging nomograms for detection of LNM (A), ECE

(B), and SVI (C).
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